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Abstract 
By simultaneous laser beam melting (SLBM), different polymer powders can be processed to multi-material parts, which offers 
the potential to enlarge the field of application for conventional LBM. In a SLBM process, a powder bed consisting of different 
polymers and therefore with different melting and crystallization temperatures is deposited. Besides the use of infrared emitters 
for preheating the lower melting polymer, a CO2 laser distributes the necessary preheating temperature of the higher melting 
polymer. In the last step, a thulium fibre laser distributes the energy necessary for melting the two preheated powders 
simultaneously. In order to analyze the temperature gradients of the process on the powder surface and in deeper layers, a high-
resolution thermal imaging system and thermocouples are used.  
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1. Introduction 
Decreasing time-to-markets for consumer products demand time and cost savings during the overall product life 
cycle in order to achieve competitive advantages. Besides improving organization structures, like accomplishing a 
higher efficiency of process flows, the use of Additive Manufacturing technologies for generating prototypes or 
even end products in small piece numbers can significantly contribute to quicker time-to-markets. By Additive 
Manufacturing parts with almost any geometry can be built directly out of a CAD file without any additional tools 
like molds. Therefore, modifications of prototype parts needed during the design or testing phase can be quickly 
adapted within a few days. In accordance with Levy et al. (2003), Laser Beam Melting (LBM) of polymers offers 
the highest achievable mechanical part properties for additively manufacturing polymer parts and thus is the choice 
for most industrial applications. In the process, a semi-crystalline thermoplastic polymer powder with typical 
particle sizes of 50 μm is deposited homogeneously on a building platform by a recoater system. Processable layer 
thicknesses lay between 100 and 200 μm. Infrared emitters preheat the powder a few degrees below the melting 
temperature of the used polymer. Afterwards, a galvano scanner guided CO2 laser distributes the energy for melting 
the polymer. After melting the layer geometry, the building platform is lowered by a defined layer thickness. In the 
last step, a new powder layer is deposited and the process starts anew.  
With increasing complexity of products, the need for multi-material prototypes or parts is an increasing 
requirement by the industry, which cannot be achieved by LBM. Therefore, Simultaneous Laser Beam Melting 
(SLBM) as a new Additive Manufacturing technology to build parts consisting of different materials is presented in 
this paper. By SLBM, polymer powders with different melting temperatures can be processed in order to achieve 
multi-material parts with different properties in their stiffness or chemical resistances. Besides former works by 
Stichel et al. (2013) about new mechanism for depositing different powder materials, Laumer et al. (2013a, b) 
analyzed optical material behavior and heat conduction of polymer powders as important basic research regarding 
the realization of multi-material parts. In this paper, the final setup of SLBM is presented. The thermal processes are 
analyzed by a high-resolution thermal imaging system and thermocouples. Additionally, achieved multi-material 
parts are analyzed regarding their compatibility in contact areas and their melting behavior with cross sections. 
2. Materials and Experimental setup 
2.1 Materials 
As powder material, polypropylene (PP, PD0580 Coathylene, DuPont) and polyamide 12 (PA12, PA 2200, EOS) 
powders are used. Compared to PA12, PP shows an insufficient flowability for powder deposition in the LBM 
process and therefore 1.0 weight percent aerosil (Aerosil R106, Evonik) is admixed to the powder. The powders and 
additives are mixed for 60 minutes by using a turbula mixer. By this, a flowability is achieved comparable to PA12. 
In former works by Laumer et al. (2013a), the optical material characteristics for different wavelengths were 
determined by an integration sphere measurement setup. Both materials show a significantly lower absorptance at 
the wavelength of the thulium fibre laser (λ = 1.94 μm) compared to the use of a CO2 laser (λ = 10.6 μm) for 
conventional LBM. Because of higher reflectance and transmittance, more laser energy is needed to melt the 
material, leading to an increase of process time and melting depths. Therefore, the powders are modified by 
admixing carbon black particles to increase the absorptance. For this paper, 200 μm thick layers are used. The 
optical material characteristics for this layer thickness at a wavelength of 1.94 μm are shown in table 1. 
 
Table 1. Optical material characteristics for a layer thickness of 200 μm at a wavelength of 1.94 μm and 10.6 μm. 
Thulium laser (λ = 1.94 μm) Reflectance Absorptance Transmittance 
PP + 1 wt. % Carbon Black + 1 wt. % Aerosil 0.11 0.76 0.13 
PA12 + 1 wt. % Carbon Black 0.14 0.77 0.09 
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CO2 laser (λ = 10.6 μm) Reflectance Absorptance Transmittance 
PP + 1 wt. % Carbon Black + 1 wt. % Aerosil 0.06 0.91 0.03 
PA12 + 1 wt. % Carbon Black 0.03 0.94 0.03 
The optical material characteristics are very similar after admixing carbon black. PP shows a slightly lower 
reflectance and a slightly higher transmittance compared to PA12. Of great importance for the process is the particle 
size distribution of the powders. The determined values are shown in table 2. The particle size measurement shows 
that all powders have no particles with sizes below 20 μm, whereas particles with sizes below 1 μm, like aerosil, 
cannot be identified by the measurement method. Additionally, the melting point and the recrystallization point of 
both materials are determined by a Differential Scanning Calorimetry measurement and included in table 2. 
Table 2. Particle size distribution and thermal material characteristics of used materials. 
Particle size 
Material 
d10 
 
d50 
 
d90 
 
Melting 
Temperature 
Crystallization 
Temperature 
PP + 1 wt. % Carbon Black + 1 wt. % 
Aerosil 
60 μm 100 μm 150 μm 165 °C 129°C 
PA12 + 1 wt. % Carbon Black 32 μm 55 μm 74 μm 184 °C 150°C 
2.2 Experimental setup 
In the SLBM process, two different powder materials are deposited next to each other by a two-chamber 
deposition mechanism and afterwards preheated and molten by three different energy sources. Besides infrared 
emitters, a CO2 laser (λ = 10.6 μm) and a thulium laser (λ = 1.94 μm) are used. The process is schematically 
illustrated in figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Process steps of SLBM. 
First, infrared emitters preheat both materials a few degrees below the melting temperature of the lower melting 
polymer. Afterwards, a CO2 laser with a maximal power of 50 W and a TEM00 beam profile with a beam quality of 
M² < 1.2 distributes the temperature difference between the preheating temperatures of both materials. Therefore, a 
simultaneous energy deposition is realised, using the CO2 laser and a diffractive optical element (DOE) for beam 
shaping. A DOE is an optical diffraction grating, which transforms a Gaussian beam profile into a flat-top profile by 
constructive interference. The DOE forms a rectangular, homogeneous beam cross section, and is guided by a mirror 
onto the powder with the higher melting temperature. By the combined energy deposition of infrared emitters and 
homogenous irradiation by the CO2 laser, both polymers are preheated to different temperatures and can be molten 
simultaneously in the last process step.  
To achieve a simultaneous and flexible energy deposition for melting both polymers, a Digital Light Processing 
(DLP) chip is used as a spatial light modulator for beam guidance. The used DLP chip has over two million highly 
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reflective micro mirrors with a size of 10 μm and a spatial resolution of 1920 x 1080. Each mirror can be tilted 
separately between two different stages of +/- 12 degrees with a maximal frequency of 5000 Hertz. By illuminating 
the chip with a laser, parts of the beam can be flexibly guided onto the powder bed or into a beam trap, depending 
on the position of the mirrors. Therefore, the chip allows the optical illustration of the part geometry by a flexible 
mask and is used for simultaneously melting both powders. A single mode thulium laser with a beam quality of 
M² < 1.1 and a maximal power of 120 W is used, as the CO2 laser would be absorbed by the glass front window and 
would thus destroy the device. To achieve a homogenous laser profile and a rectangular beam cross section in order 
to illuminate the DLP chip uniformly, a specially manufactured beam homogenizer is used. 
The energy deposition and temperature gradients during the SLBM process are analyzed by a high resolution 
thermal imaging system for the surface temperature and thermocouples for the temperature distribution within the 
powder bed. The thermal imaging system allows determining the temperature distribution in the x-y plane of the 
powder bed. The system is calibrated for PP and PA12 powder respectively, with thermocouples in a temperature 
range between room temperature and melting point. The calibration is necessary because of temperature-dependent 
changes of the emissivity of the polymers. The emissivity of both materials lies in a range of 0.94 and 0.98, thus 
leading to incorrect measurements, if a constant emissivity is supposed. Due to a significant change of emissivity 
during the phase transition between solid and molten material, the temperatures can only be determined for solid 
material, thus allowing a quantitative analysis.  
In the case of measuring temperatures for the manufacturing of multi-materials parts, the calibration for the 
polymer with the higher melting point is selected. Because of a slightly difference in their temperature-dependent 
emissivity, the simultaneous measurement of both materials lead to different measured temperatures and therefore 
the temperatures of the second polymer can not be analyzed quantitatively.  
By additionally positioning thermocouples beneath the powder surface, an analysis of temperature gradients in 
z direction is possible. The thermocouples are calibrated with a calibration oven with an accuracy +/- 1 °C for a 
temperature range between 20 °C and 200 °C. One thermocouple is positioned on the aluminum building platform 
and afterwards covered with a 2 mm thick powder layer. Onto this layer, five thermocouples are positioned in a 
constant distance of 8 mm to each other, whereas the thermocouple in the middle is sited in the boundary surface 
between both polymers. The thermocouples are also covered with a 2 mm thick powder layer and again five 
thermocouples are positioned onto the next layer. Altogether five layers of thermocouples are positioned in a 12 mm 
thick powder bed like shown in figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Thermocouple measurement setup. 
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2.3 Experimental procedure  
Before multi-material parts consisting of polypropylene and polyamide 12 are built, the single materials need to 
be qualified regarding their processability for simultaneous energy deposition. Of great importance is the 
determination of the ideal preheating temperature. The initial preheating temperature is set according to DSC 
measurements a few degrees below the melting point of the materials. Afterwards, preheating temperature, laser 
power and irradiation time are iteratively altered until a qualitatively evaluated homogenous melting of the layer 
occurs without any signs of curling. The preheating temperature in the case of single material experiments is solely 
distributed by infrared emitters, whereas preheating by CO2 laser is not necessary. For melting the powder, a 
rectangular mask is assigned to the DLP chip and the thulium laser radiates the DLP chip. The laser is then guided 
towards the powder bed and melts the material. After determining the parameters for a single layer, parts consisting 
of five layers are built. In order to analyze the layer interconnection and the porosity of the few-layer parts cross, 
microscope images of cross sections are prepared.  
 
For realizing multi-material parts, both materials are deposited next to each other by a two-chamber deposition 
mechanism. The preheating temperature of polypropylene, as polymer with the lower melting temperature, is 
distributed by the infrared emitters all over the powder bed. The CO2 laser distributes the temperature difference 
between the former temperature and the preheating temperature of polyamide 12, the polymer with the higher 
melting temperature. In a last step, the thulium fibre laser simultaneously melts both materials. Also for multi-
material parts, five layer parts are built and microscope images of cross sections are prepared. To analyze 
temperature gradients during the process, thermocouples are positioned in the powder like shown in figure 2. 
3 Results and Discussion 
3.1 Simultaneous Laser Beam Melting of single materials 
For processing single materials, the preheating temperature is solely distributed by infrared emitters. After the 
preheating temperatures of 155 °C for PP is reached, the thulium laser irradiates a rectangular area with 35 mm 
times 20 mm with an intensity of 3.57 mJ/mm². The 20 s long irradiation process for PP is shown in figure 3 at 
different irradiation times.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Simultaneous irradiation of PP powder after (a) 1 s, (b) 10 s and (c) 20 s irradiation time. 
The first image is taken after 1 s of irradiation by the laser. The temperature of the overall area increases, whereas 
speckles due to inhomogeneous intensity distribution of the laser occur and lead to a faster temperature increase in 
10 mm 10 mm 10 mm 
(a) (b) (c) 
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these areas. After 10 s, temperature increases further and in the areas of the speckles the materials starts to melt. 
Therefore, solid and molten material coexist and due to the phase transition, the calibration of the thermal imaging 
system is not valid any more. Thus allowing only the analysis of the temperature distribution instead of determining 
absolute temperatures. The temperature increase during the process is restricted to the irradiated area. Due to the 
small thermal conductivity of the powder, a clear defined border between molten and powdery polymers can be 
identified. After 20 s of irradiation, the irradiated area is molten completely. Altogether, the area with higher 
intensities melt after shorter irradiation times, whereas the remaining areas with lower laser intensity need more time 
to melt. To analyze this melting behavior further, a cross section of the five-layer PP part is prepared and shown in 
figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Cross section of five layer PP part. 
The cross section indicates a nearly homogeneous melting and thus a good layer interconnection between the five 
layers. The black sections in the cross section are carbon black agglomerations, which did not melt and therefore rest 
within in the solidified melt. In future experiments, the powders need to be sieved in order to prevent the embedding 
of these agglomerations within the polymer. With exception of the carbon black agglomerations, the part shows a 
very small porosity. After determining the parameters for processing single materials by SLBM, PP and PA12 are 
deposited next to each other and are processed simultaneously to achieve multi-material parts. 
 
3.2 Simultaneous Laser Beam Melting of multi-material parts 
In the case of manufacturing multi-material parts, PP powder is deposited next to PA12 and both materials are 
warmed by infrared emitters to the PP preheating temperature of 155 °C. In order to achieve a homogeneous 
temperature distribution the machine is preheated at least five hours until the thermocouples within the powder bed 
show no more change in the temperature. The temperature distribution determined by the thermocouples by infra-
emitters and laser is shown in figure 5.  
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Fig. 5. Temperature distribution within the powder bed during simultaneous LBM. 
Already at a layer thickness of 2 mm, the temperature is significantly lower than the surface temperature of 
155 °C determined by the thermal imaging system. After 4 hours, the powder shows a constant temperature of 
134 °C at this layer height and does not change any more. The temperatures decrease with increasing layer 
thicknesses until a temperature of 92 °C in the layer next to the building platform. The temperature of the building 
platform is only 87 °C. The reason for this low temperature is that the 10 mm thick steel platform is nor heated or 
isolated and thus significant heat losses occur. The temperature within the powder bed is evenly distributed in a 
range between the temperature of the powder surface and the building platform. Overall, the measurements show, 
that despite the long preheating time only the top powder layer show the intended temperature.  
In the next step, the CO2 laser irradiates a 40 mm times 40 mm area of the PA12 powder in order to distribute the 
preheating temperature of 175 °C. The thermocouples do not show any change in the powder temperature as 
consequence of the CO2 laser irradiation. The reason is the high absorptance of the laser as shown in table 1. The 
laser shows an absorptance of 0.94 at a layer thickness of 200 μm. Therefore, the laser energy is absorbed near to 
the surface and the temperature distribution is the same as in figure 5. After reaching the preheating temperature for 
PA12, the thulium laser irradiates an area of 350 mm times 200 mm. The irradiation time is 20 s and the intensity is 
3.57 mJ/mm² s. Also for the melting of both polymers no temperature changes by the thermocouples are detected. 
After melting, new powder layers are deposited and the single steps are repeated. During the overall melting 
process, the thermocouples show no increasing temperatures. The three process steps are shown in figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) Global distribution of PP preheating temperature by infrared emitters; (b) CO2 laser preheats PA12; (c) Simultaneous melting of both 
powders by thulium laser after 5 s. 
Thermocouple 
position 
Temperature 
PA12 
Temperature 
PA12 
Temperature 
PA12/PP 
Temperature 
PP 
Temperature 
PP 
2 mm 134 °C 134 °C   133 °C 133 °C 
4 mm 125 °C 126 °C   124 °C 125°C 
6 mm 118 °C 118 °C   118 °C 118 °C 
8 mm 108 °C 107 °C   107 °C 107 °C 
10 mm 92 °C 92 °C   92 °C 92 °C 
Building 
platform 
87 °C 
91 °C 
134 °C 
125 °C 
107 °C 
118 °C 
10 mm 10 mm 10 mm 
(a) (b) (c) 
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Due to the small thermal conductivity in combination with the small penetration depth of both lasers in the 
powders, the deposited energy by both lasers only lead to temperature increase near the surface. A temperature 
increase in deeper layers, starting from 2 mm from the top powder layer, cannot be detected. Like for processing 
single materials, the border between molten and powdery polymers is clearly definable. After 20 s of simultaneous 
irradiation by the thulium laser, both powders are molten and a new powder layer is deposited. Due to the low 
thermal conductivity of the powder, the temperature of the molten material decreases very slowly, thus preventing a 
fast crystallization and therefore the occurring of curling. For analyzing the part properties, an image of a three-layer 
multi-material part a cross section of the boundary area between both materials is showed in figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. (a) Top-view image of PP and PA12 multi-material part (b) cross section of the boundary area. 
 
 
In the top-view image of the multi-material part a defined macroscopically border between both materials is 
visible. PP shows a homogeneous melting of the top surface with a surface typically for LBM parts. In the PA12 
side, areas of completely molten material coexist with areas where powder is only sintered together and not molten 
completely. Thus, indicating a too low energy input in places for PA12. The part only show a small curling, 
resulting from a too fast removal from the preheated building room. Overall, no significant curling occurs during the 
process, allowing a good deposition of different layers.  
Regarding the cross section, a boundary area between both materials can be identified. Due to the powder 
deposition mechanism, no clear boundary between PP and PA12 powder is achieved and therefore particles of both 
powders are mixed within the boundary area. PP particles are completely molten, whereas PA12 particles are only 
embedded because the energy input is too low in order to reach the melting point of PA12. PP show a good wetting 
of PA12 and thus forming a blend between both materials in the boundary area. Also as in the case of single material 
processing, carbon black agglomerations can be detected in the cross section. For a more detailed discussion of the 
forming of blends, further investigations regarding compatibility mechanism and resulting mechanical strengths are 
needed in future works.  
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4 Conclusion 
In this paper, Simultaneous Laser Beam Melting is presented as new Additive Manufacturing technology to 
generate multi-material parts consisting of different polymer materials. In order to combine materials with different 
processing temperatures, an experimental setup is built which consists on two different laser sources (λ1 = 10.6 um, 
λ2 = 1.9 um). Using this setup, different preheating temperatures within the powder bed for different materials and, 
furthermore, a simultaneously melting of these materials can be achieved. Besides explaining the process setup and 
the single process steps, polypropylene and polyamide 12 are solely analyzed for the simultaneous melting process. 
Afterwards, both materials are deposited next to each other and molten simultaneously to achieve few-layer multi-
material parts. The use of a thermal imaging system and thermocouples deposited within the powder bed, allow a 
three-dimensional thermal process analysis. Because of low penetration depths of both laser in the powders, 
temperature increases are located close to the powder surface and thus no temperature changes in layers deeper than 
2 mm can be detected. Regarding the temperature distribution on the surface, a clear defined border between the 
irradiated area and the surrounding powder exist due to small thermal conductivity of polymer powder. In the 
boundary area between both powders PP and PA12 particles are mixed as result of the deposition mechanism. 
Therefore, after simultaneous irradiation, PA12 particles within the PP powder do not melt because the overall 
energy deposition is too low for a melting. The unmelted particles are embedded within the completely molten PP 
and form a blend. A detailed analysis of this effect is investigated in future works. 
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